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PREFACE. 



These few pages are intended both for students and for investigators. 

To my ttudents these pages will constitute a guide to the course of 
lectures on pure crystallography, delirered each fell term (Septem- 
ber to December), at the Chemical Laboratory of the State Unirersity 
of Iowa. For their use it may be bound up with enough blank 
paper to enter diagrams and notes taken at the lectures, so that they 
have the whole subject in one volume. 

To the iiwegtigator the author offers these pages as an excuse for the 
English edition of Atomechanics promised two years ago, particularly 
since demands for that work have recently become more frequent 
again, especially from Germany. The reader will, in chapters Y. and 
YI., find a concise exposition of the present status of Atomechanics in 
relation to crystallography. 

Our treatise on the so-called crystal-systems, especially the quadra- 
tic, hexagonal, and tesseral forms, is herein offered to the carefril con- 
sideration of aU orystallographers. We have united the opposing 
views of Schrwitf said the older orystallographers, and trust that, also, 
here the mean may approach truth more than either of the separate 
determinations. See articles 48 to 60, and 80 to 100. 

Our crystallographic notatation (see 11, 62, 64, 67), will perhaps be 
found to unite the simplicity of the notation of Miller, with the direct- 
ness of the notation of Weiss. Why we cannot use Miller's may be 
seen from 147 to 150. 

Some years ago we sought recreation in the study of Chinese. In 
the fourth book of IninrOnee, we found (L 8), a few words which the 
younger readers of this synopsis may often have occasion to think of 
while studying these pages. We therefore quote Ghee : " Who do 
not strive to learn, to them I do not unfold my Ideas ; who open not 
their minds, those I do not labor to instruct. When I describe one 
comer, if the pupil comprehend not the other three, I do not repeat 
my instructions." 
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OETSTALLOGEAPHT. 



CHAPTEB I. 



Crystal Elements. 

1 , A CRYSTAL is a polyhedron formed sponta/neously hy 
its onm particles. 

Cbtstallographt is that hranoh of physical science 
which treats of the form of crystals. 

These definitions are deduced from observations on crys- 
allization and crystals inHiNRiCHs' Elements of Physics* 
Chapter III., Section V. and VI, where also the other ne- 
cessary definitions here used occur. Only after having 
carefully worked his way through these two sections — or 
their equivalent — can the student successfully master the 
present very concise treatise of pure crystallography. At 
the same time it is essential that the student should be 
practically familiar with Section VI. of Chapter I. of the 
same work, and especially with Articles 71 to 80, treating 
of co-ordinates in the plane and in space. 

2. Any two zoTies of a crystal will determine three 
axeSj X, T, Z, (Physics, 199). The three aooial-planes, X 

♦For the sake of brevity we shall refer to the above work as Phtsios and giv« the 
number of the article referred to. Thns Physics, 199, means article 199 in the above 
work. 
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Y, Y Z, Z X need oiilj^ be laid parallel to three different 
crystal faces, such as P, M, T, (Physics, 168, 1()9). In this 
case X would be the axis of zone P M, Y of zone P T, 
and Z of zone M T. Faces P, M, T, are called pinacoids^ 
if they are parallel to the axial planes. 

3. The crystal is usually placed in such a position that 
the third axis Z is vertical (Physics, 80). The^V*^ or pro- 
to-axis X is directed from the center O towards the right 
of the observer. 

4, The magnitude of the inter-axial angles evidently 
depends upon the crystal described (Physics, 178,) and 
upon the faces selected on this crystal. (2.) However, 
the faces are usually selected so as to make the axial angles 
as nearly right angles as possible. 

These inter-axial angles are denoted by letter a, /^, /, 
namely the rotation around by 

X^ Y Z 

a-yz; /^-xz; 7 - xy. 

6, Accordingly we have the following four possible 
cases : 

1°. None of these angles is exactly 90° ; or « ^ /? ^ 
y % 90°. Such crystals are termed triclinic. 

2°. Only one of the interaxial angles is exactly 90<> ; 
a > .5> > 7=90°. Such crystals are termed diclinic, 

3"^. Two of the interaxial angles are exactly 90.° a ^ 
p ==.y=90°. Such crystals are termed monoclinio.. 

4°. Finally all three of the interfacial angles may be 
exactly 90° ; that is, « = /^ = y = 90®. Such crystals we 
term orthoclinic, 

6, Besides the three pinacoids used for the determina- 
tion of the axial planes (see 2) a crystal has at least one 
more face, F, intersecting the above three faces, and there- 
for also intersecting the three axes. The lengths cut off 
on the axes by this face F we term the fundamental axes 
of the crystal, and denote them by the letters a, b, c. The 
faceF is also called the fundamental face of the crystal. 
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7, If the crystal possesses many faces besides the 
three pinacoids, any of the three faces may be selected as 
the fundamental; l)ut we shall see that in many cases some 
one of all three faces is distinguished from all others of 
the same crystal by certain important properties, wh* '1 
show that face to be ^^<3 fundamental one of the crystal. 

8, The magnitude of the three angles a, /5, and , 
and the length of the three fundamental axes a, b, c, con- 
stitute the six ELEMENTS of a crystal. Since, however, the 
angles only of crystals are of importance, and not the ab- 
solute linear dimensions, {Steno^s Law^ Physics, 173,) we 
can always put one of the fundamental axes equal to 
unity. We select usually b = 1. 

9. Any other face f of a crystal will be completely 
determined by the three parameters x, y, z, cutoff by the 
face from the three axes X, Y, Z 

10. Observation has proved that the parameters x, y, z 
of any crystal face f stand in a simple, rational ratio to 
the fundamental axes a, b, c; that is, to the parameters of 
the fundamental face F. Consequently : 

X y z 

— : - : — = h: k: 1. 

a b c 
The letters h, k, 1 are accordingly simple^ entire num- 
bers^ and we may put the parameters 

X = h. a. y = k. b. z==l. c. 
U, The simple, whole numbers h, k, 1, are termed 
the indices of the face f, and when written one after an- 
other m the order hkl, constitute the formula of the 
face f. The first index corresponds always to X, the sec- 
ond to Y, the third to Z, Thus 235 is the formula of a 
face intersecting the first axis (X) at a distance 2 a, the 
second axis (Y) at a distance 3 b, and the third axis (Z) at 
a distance 5 c. The parameters of this face are 2a, 3b, 
and 5c ; the indict^s are 2, 3 and 5. 
'? Hence, also, the formula of the fundamental F is 111. 
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12, If the face f intersects any of the negative axes^ 
the corresponding parameter, and therefore also the cor- 
responding index becomes negative. For the sake of 
brevity the Twinus sign is written above and not before the 
index. Thus 

2*35 is a face, which intersects the X axis at the distance 
— 2a or 2a to the left of the origin O. (Physics, 80 and 71.) 

13, The law of simple rational indices (10) distin- 
guishes a crystal from any artificial polyhedron. On some 
crystals many hundred of separate faces have been ob- 
served, (compare Chapter IV.;) but they are all accurately 
represented by simple whole numbers h k 1. The most 
frequent values of these indices are 1, 2, 3; also infinity, 
if the face be parallel to some axis. 

14 • A face hkl intersects all three axes X, T, Z, un- 
less one or two of the indices is infinite. Faces intersect- 
ing all three axes are termed pyramidal faces. Thus hkl 
2 3 5, 12 1 are pyramidal faces. 

If, however, the face is parallel to an axis it is called a 
prismatic face^ and the corresponding index is infinity. 
Thus hkoo, hool, ookl are prismatic faces. The last 
two faces, parallel to the not vertical X or Y, are called 
domatic faces. 

If, finally, the face is parallel to two axes, it has both 
the corresponding indices infinite, and is termed a pvnor 
coid. Thus loo 00 is the deutero^iryicoid^ parallel to the 
axial-plane YZ; ooloo is th^ protapinacoid^ ^tbWqI to 
the axial-plane X Z, and oo odI is the basal pinacoid par- 
allel to X Y. 

16.-4 simple form is composed of all those faces f which 
possess the same numerical indices hhl^ although of dif- 
ferent sign^ provided the faces have the same inclination 
to the three aoaes. The formula of such a simple form is 

(hkl) the bracket ( ) indicating that all possible 

cha/nges in sign are to be made, consistent with the pre- 
servation of the inclination to the axes. 
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16. Crystal forms, composed of more than the faces of 
one simple form, are termed combinations of the several 
simple forms composing the same. Thus a crystal bound- 
ed by the forms (123) (111) (157) (132) (113) etc., would 
be a cornbination of these forms. 

17. In the description of such combinations it shonld 
always be stated which simple form or forms dominate. 
This, together with the formula of the component forms 
constitutes the hahitvs of the crystal (Physics, 172). 

18. Often crystal faces exhibit certain peculiarities ; 
but usually all the faces of the same simple form possess the 
same peculiarities. Such facts are intimately connected 
with the formal habitus, and should be mentioned in con- 
nection therewith. 

19. An interfacial angle is denoted by writing the 
symbols of the two faces in succession. Thus 235 : 2"3 5 is 
the interfacial angle between face 235 and face 23^5. 

Accurate measurements of such interfacial angles shonld 
be recorded with the description of the crystal. 

20. It is easily seen that the interfacial angles are de- 
termined theoretically by the elements of the crystal and 
the indices of the faces; but the values of interfacial angles 
thus determined are distinguised as calculated from those 
obtained by direct measurement. 

21. These calculations require the use of spherical trigo- 
nometry. It is, however, quite sufficient for begin n era to 
determine some of the most important angles by construc- 
tion from the elements, by the methods of linear drawing, 
given in Physics, 51 — 80. It is especially important and 
very easy to construct the angles in the three axial zones, 
in orthoclinic crystals. 

22* The elements of a crystal w^ obtained from the 
observed angles by like method of calculation or construc- 
tion. Thus in orthoclinic crystals the elements are de- 
termined by means of two zones, such as the vertical 
parallel to the axis Z, and the horizontal parallel to the 
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axis Y or to X. In potassium nitrate (Phj^sics, 181) the 
zone Mb ^ives, by the angle MxVi' the ratio a: b, while 
the zone Dd b will, by the angle b D, give the ratio a: e, 
80 a: b: n are determined. Besides a=^=y=90.^ Prac- 
tice ! 

23. Having determined the elements, it remains to 
determine the indices for the observed faces. This may 
again be accomplished by calculation or, in the simple 
cases, by construction. Thus, in the above case, we have 
evidently determined the elements by the faces M and D 
of nitre, so that M is 11 oo and U is loo 1. If in the zone 
Ddb also face d is drawn, according to its observed incli- 
nation (Physics, 181) it will be found that d is 1 cx2. Also 
that b is 1 00 00. 

The crystal descriptions in Physics 182, 183, 184 may 
be used in the same manner for the determination of the 
elements of these crystals. 

24. Four faces are sufficient to determine the elements 
of any crystal. Three faces will determine the inter- 
axial angles «, ^, y, (see 2 and 4;) while the fourth face 
may be taken as the fundamental F (see 6). In order that 
this latter can be fixed in position towards the former three 
the inclinations of F with any two of the former are re- 
quired. Hence the total number of angles sufficient to 
determine the elements of a crystal is five. 

25. But it is well to take more than this least possible 
number of angles into account, in order, as far as possible 
to determine the unavoidable errors of observation and the 
slight irregularities which crystals at times exhibit. 

The best method consists in calculating the elements 
from any five observed angles. Then by comparison with 
the observed angles the errors can be obtained. 

Now change the elements to a slight extent, and repeat 
all calculations. A new set of erVors will thus be obtained. 

Since very small changes in any two variables always are 
nearly proportional, data have now been obtained for the 
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determination ot that change in the elements which would 
rednc^ all the errors, as nearly as possible to zero. 
( Von Lang, Krystallographie, Wien, 18()6, p. 351—352.) 
For applications see Von Zepharowich^ Krystallographi- 
sche Studieu iiberden Idokras, Wiener Sitznngsber. 1864, 
Bd. 49. Abthl. I., p. 21—24. 

The method of least squares has been used for this pur- 
pose, in a less elegant manner, by Sekahis 1855; also, for 
the angles of pyroxene, by von Kokscharow, Materialien 
znr Mineralogie Russlands, Bd. IV., pp. 370 — 385. 



CHAPTER II. 



Crystal Drawings. 

26. The common Crystal drawings are either horizon- 
tal, vertical or oblique projections of the crystal. See Phy- 
sics, 75. A si$iV^ good representation is obtained by the 
common oblique projection together with a horizontal pro- 
jection of the same crystal. In this manner crystal forms 
are figured in the excellent Atlas accompanying Von Koh 
schxirow^s Materialien zur Mineralogie Russlands. 

27. The most common oblique p»rojection used exhibits 
the crystal's front turned about 18^ to the observer's left, 
and the crystal's top turned about 6° down towards the 
observer. The first angle is termed the angle of declina- 
tion, the last the angle of elevation. 

Otherwise the oblique projection is axonometrio ; the 
rate being very nearly along X and Z full scale, but along 
Y one-third full scale. See Physics, 76. First th ele- 
ments are constructed, then the faces arc entered b their 
indices. Practice ! 

28. Besides these crystal drawings two indire^ meth- 
ods of representing crystal forms on paper havi proved 
very useful ; they are the so-called methods of projection 
of Quenstedt and Miller^ which, however, are both devel- 
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operaents of a method first proposed by Neumann, Large 
projections of this kind (for b one or several dm) I find very 
useful in the lecture room. 

29. Quenatedfis Projection is a linear projection. It 
is obtained on plane ab by mt^v^^Qtxono^ projection planes 
laid through the extremity of the axis c, and parallel to 
the crystal faces themselves. 

30. Accordingly each face will he represented hy a line 
called the trace of the face. Only the basal face cannot 
be represented in this projection, because it does not inter- 
sect the plane a b. The trace of any face parallel to the 
vertical axis c passes of course through the point of inter- 
section O of the axes a and b ; that is the faces h k oo have 
traces passing through O, and parallel to a line cutting oflT 
the indices h and k on a and b. 

All other faces have traces of the indices ^ and v or a 
and b in the projection, determined by 

h k 

1 1 

31. Since all the edges of any one zone are mutually 
parallel, these edges are all projected in the same point, 
which is called the zone point. The traces of all the indi- 
vidual faces of the zone pass through this zone-point ; for 
the projection plane of each face also contains the common 
projection-line of the edges. 

The point of intersection O of the axes a and b is thus 
the zone point of the zone parallel to axis c. See 30. 

32. It is easy by direct observation to ascertain whe- 
ther any given face f belongs to a given zone; for we 
need only to rotate the crystal around the axis of the zone 
80 that the light is successively reflected from thediflfereht 
faces of the zone to our eye — if the face f also in its turn 
reflects the light to our eye, it is in the same zone with the 
other faces in question. 

83. If now a face f is thus found to belong to two dif-^ 
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ferent zones^ the zone-points p and p' which are known in 
the projection, we can draw the trace of the face f in the 
projection ; for it is the straight line passing through the 
points p and p'. Hence also the indices /* and " will be 
determined, and therefore also the full formula h k 1 of the 
face (see 30.) This is the deduction of the face. 

34. Thus the mere observation of the zonal relations 
of a face very often suffices to accurately determine its 
formula without any calculations whatever. Herein con- 
sists the principal practical importance of Quenatedfa pro- 
jection. Practice the same on some of the crystals studied. 
Especially Physics, 181 to 183. 

35. If carried out in the usual way, by full lines, the 
projection becomes often an intricate net-work of lines. I 
therefore draw the trace full only between the two axes 
it intersects, or near the centre of the figure, and faintly dot 
the continuation of the trace. In this manner the projec- 
tion also brings out the symmetry of the crystals, and be- 
comes really elegant. 

36. I also add the vertical projection of the extremity 
of c, through which all projecting planes are laid, and 
somewhere near the margin of the drawing mark the length 
of that axis c (to scale.) Only in this way is it easy to 
obtain at any time immediately a correctYieyj of the crys- 
tal form, especially in case of triclinic and raonoclinic 
forms. 

37. In Miller^ 8 Stereographic Projection a sphere is 
described around the center of the crystal, and each face 
F moved parallel to itself until it touches the surface of 
this sphere ; this point is called the normal jpointj n, be- 
cause the radius to this point is normal to the crystal face. 

The plane of projection (the paper) is usually passed 
through the axial plane a b ; at times, however, at right 
angles to c. This plane of projection will intersect the 
sphere in a circle which is drawn on the paper and termed 
the circle of projection. From the center of this circle a 



Digitized by VjOOQ IC 



10 Crt/staUography. 



perpendicular is drawn down until it intersects the spher- 
ical surface below in a point termed the nadir j N. 

The nadir N is joined by a straight line with the normal 
point n of the face F. The point p where the line of pro- 
jection Nn intersects the place of projection, (the paper) 
constitutes the projection of the normal point, and thus 
the projection of the face F. 

38. It is evident, that each face F will thus be accu- 
rately determined in position by its projection p ; and also 
that the entire projection will fall in, or inside, the cir- 
cumference of the circle of projection. 

It is also readily seen, that the zone at right angles to the 
plane of projection is projected in the circle of projection. 

Since the normal points n of any zone are in a plane 
passing through the center of the sphere, they are in a 
great circle on the sphere ; and therefore will also form an 
arc of a circle in the projection. Hence it is also quite 
easy in this projection to trace up the faces belonging to 
any zone. 

39. The angle between the radii of the sphere drawn 
to different normal points n, projected in the points p, can 
easily be determined by very simple construction, at least 
if the points p are in a known zone. But this angle is ev- 
idently the angle between the normals of the two faces, 
or the inter-normal angle^ n. 

40. It is easily seen that the inter-normal angle is the 
supplement of the interrfacial angle f; or n+t— 180°. 
Hence we may, according to circumstances, either deter- 
mine the internormal or the interfacial angle between any 
two faces in the crystal. By means of naidinger^9 method 
(Physics, 171) both of these angles are observed with 
equal facility. By the application goniometer we obtain 
the interfacial (see Physics, 170). But by the more accu- 
rate reflecimg goniometers'^ we read off the internormal 

*The reflecting goniometer of von Zepharowich in Prague enables him to deter- 
mine the angles to within five seconds exact I See Wiener Berichte, 1861 ; Bd. 4S» 
Abth. 2, p. 647. 

For a crystal face 2 mm long this is within 0.00006 mm of linear extension. 
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angle direct ; hence th^se are of late more frequently 
given in crystal descriptions, than the interfacial angles. 

Always be careful to ascertain which of these angles 
are referred to in crystal descriptions 1 



CHAPTER III. 



Crystal Forms. 
41, The systematic desoe^tption of a oktstal may 
now be understood. Such descriptions are best given in 
the following order. 

1. The elements. See 8 and 22. 

2. The simple forms observed. See 15. Giving the 
letter used to denote the faces, and also the formula of 
these faces. In this enumeration it is not always neces- 
sary to write the brackets. 

In this enumeration it is essential to distinguish between 
the full and partial forms, more completely characterized 
\)q\ovi 9A holohedral zjiA hemihedral forms. TwiniorvaB 
should also be enumerated. See 61. 

3. The enumeration of observed forms should be ac- 
companied by a projection representing all the faces 
observed, either according to Miller {^^) or by our modified 
form (36 and 36) of Quenstedfs projection (29). 

4. The hdbitm (Physics, 172) of the crystals should 
next be fully given, as far as possible in reference to 
methods of crystallization for artificial, and to locality and 
occurrence for native crystals. Also the peculiarities of 
the faces of simple forms (18) should be described, such 
as their striations^ etc. Compare 17. 

5. In this connection some of the most important of 
the physical properties of the crystal, varying ^with the 
faces, should be given, especially the cleavage. See Phy- 
sics, 197). 

6. The calculated values of the interfacial or internor- 
mal angles should be tabulated, and 
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7. These calculated angles should he critically com- 
pared with the observed values^ thereby finally leading to 

8. A discussion of the influence of composition and 
external circumstances on the elements or the crystal form. 
It will then appear, that the elements o, j3, y and a, b, c, 
are not constants, \i\ktfunctic^us^ of atomic weight, tempera- 
ture, and other variables. 

42, A crystal-form liaving all faces in parallel pairs is 
holohedral (Physics, 169). If no two faces on a form are 
parallel the form is hemihsdral. 

For any face hkl the holohedral form therefore also 
contains hki while the hemihedral forms do not contain 
the face hE. 

43, If all faces possible according to the degree of 
symmetry of the elements are present in a simple holohe- 
dral form, the latter is holosymmetric ; if only half the 
number are present the form is herriisymmetfric. 

The same terms are used for hemihedral forms. 

44, In a triclinie crystal [(6) the simple form {hJcT) con- 
sists of the two parallel faces only. For a change in sign 
in any of these indices produces a change in inclination 
to the axes In the corresponding face. Consequently 
no really hemihedral forms are possible in a triclinie 
crystal. 

The diclinic forms agree in number of faces with the 
triclinie crystals. 

45 Jy^ m^onoclinic crystal (5) has simple forms com- 
posed of four faces. For hkl and "Hkl are equally in« 
clined to all axes, because X is at right angles to both Y 
and Z. They form an inclined zone. The two faces par- 
allel to these increase the number to four in the simple 
form of monoclinic crystals. 

46, In the orthoclinic crystals the four faces p-=hkl, 
qL=^kl, r==Tkl, S'—hE'l have the same inclination to the 
three axes ; they form a four sided rhomhic pyramid 
around the upper half (1 positive) of the vertical axis. 
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Their parallel faces p' q' r' s' (1 negative) give an equal 
rhombic pyramid below, so that the holohedral simple form 
(h k 1) of an orthoclinic crystal is a double four-sided 
rhombic pyramid; we shall, for the sake of brevity, term 
it an octaidy because it is bounded by eight equ^l triangles. 

47. If the axes of the octaid are all different, then the 
octaid is the holohedral form. Such orthoclinic crystals 
are termed rhomhiCy because the three Qxial sections are 
rhombs. 

48. If, however, two axes are exactly equal, then each 
octaid (hkl) must occur in two positions, of which one 
results from the other by a rotation of 90° around the third 
axis. Such crystals are termed quadratic. 

The holohedral simple quadratio form is a double eight 
sided pyramid of 16 faces, called <:2^<?^^^^, and represented 
by the formula 

[hkl]=(hkl) (0°+90°) 
where the octaid (hkl) is indicated to be taken for Y in 
the direction of axis b and aUo for T in the direction of 
axis "a, at 90° from the former The brace [ ] is used here 
and in the subsequent to indicate the combination of the 
orthoclinic octaid (46) in the diiferent positions determined 
by the degree of rotary aymmstry peculiar to the crystal. 
The vertical axis c is the axis of rotary symmetry, also 
termed the principal axis. 

49. If the orthoclinic octaid (46) has the axes a : }>-^ 
v^3 : 1=1.73205 : 1, the axial section «J is a rhombus of 
exa^Uy 120°, which implies the regvla/r Jveosagon. In this 
we have three equal diameters, mutually distant by 120^ 

Hence the octaid in this case must be repeated S times, 
with the axis Y at 0^, at 120° and at 240°. Consequently 
the holohedral simple hexagonal form is a triroctaid^ or a 
double twelve-sided pyramid of 24 faces, called the di- 
hexagonal jpyrwraid. It is represented by • 

[hkl] = (hkl) (0^+120^+240^). 

50. If in a quadratic crystal (48). the third axis c be^ 
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comes equal to the axis a=b, then also a and b become 
axes of the same degree of rotary symmetry, which c 
possesses in the quadratic crystals. Hence we have for 
each axis a, b, c such a diquadratic pyramid, and the holohe- 
dral simple form has 48, or three times the number 16 of 
faces which it has in the quadratic crystal. The formula of 
this form is evidently 

[h k 1]=- ( (hkl) (0°+90°) 
\ + (hik) (0^+90°) 
( + (Ihk) (0^+90°) 
if 1 is the index on the axis around which the rotation of 
90® takes place. This form is a triakis dioctaid^ but it is 
usually called the Heosakisoctahedron^ because it is bounded 
by six-times-eight or 48 faces. Haidinger has called it 
the Adamcmtoid^ because it has been observed on the 
diamond. 

Crystals, wherein a— b— c are termed quadrotesseral^ 
because for h=k=Qo the simple from [hkl] becomes 
[oo 00 1] which is the cube or tessera, also aeXle^ hexahedron. 
61. In the hexagonal crystal (49) the vertical axis c 
may, of course, have any value. But if c=/2=1.41421 
the hexagonal form [oo 11] consists of two cubes* ^ [oo 11]^ 
and 'r 00 Tl] turned 180° against one another around a dia- 
gonal as the vertical axis of rotation. These forms we 
term rhomho'teaaeral, 

52. Mathematically the quadro-tesseral forms are 
identical with the rhombo-tesseral forms, but changed in 
position. Hence they are, by probably all crystallograph- 
ers, referred to as teaseral forms without distinction. 

We shall soon see that these forms are physically, and 
therefore crystallographically, very diflFerent from one an- 
other. Compare 99, 100. 

53. We have now learned to distinguish the following 
six^crystal forms, the elements of which successively spe- 
cify to simpler values, while at the same time the holohe- 

*S«e 84 for the eigniflCAtion of w 
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dral form attains to a constantly greater number of faces 
expressive of the increasing degree of symmetry. 

I. CuNio Cbystals ; the interaxial angles not all right 
angles, 

1. Triclmic crystals ; no interaxial angle a right an- 
gle, (hkl) a pair of two faces. 

2. Monoclinio crystals ; two interaxial angles are right 
angles ; (hkl) a dome oi four faces. 

II. Orthoolinio oetstals; the interaxial angles a/re 
all right angles. «==^ — y=90°. • 

3. No rotary symmetry / a ^ b ^ c. Rhombic forms 
(hkl) an octaid of eight faces, 

4. Rotary Symmetry of 90** around c ; a — b ^ .c 
The quadratic form [hkl] is a dioctaid of 16 faces. 

6. Rotary Symmetry of 90° around each axis^ a, b and 
c; a=b=»c. The guadro-tesseral form is a triakisdioctaid 
or hexahisoctahedron of 3 X 1 6 or 6 X 8,that is forty-eight faces. 

6. Rotary Symmetry of 120^ jaround c ; a«=b / 3 ^ c. 
The hexagonal form is tri-octaid or a double twelve-sided 
pyramid of3X8 = 2X12= twenty four faces. 

7. Eotary Symmetry of 120° around one axis, combined 
with rotary symmetry of 90° around another axis. The 
rhomhO'tesseral form^ geometrically the same as 5, but dif- 
ferent in position and in structure. 

54. All crystals of one kind of form and possessing 
the same degree of symmetry constitute a crystal system 
of the same name as the form. Thus all triclinic forms 
constitute the triclinic system, etc. 

55. When the forms of different crystals are compared 
the elements of these crystals must be considered as vari- 
ables (see 4:1, 8). The forms of higher symmetry thus 
arise through special valuer of these variables, so that the 
systems pass gradually into one another. Instead of forming 
distinct dosses of crystals, the forms of higher symmetry 
are only limits or transition-values between those of other 
degrees of symmetry. 
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Thus the quadratic forms constitute a transition or limit 
between the rhombic crystals wherein a=b — and those 
wherein a— b+^, if « is a variable positive quantity. 

56. The elements of all orthocliuic crystals may be 
exactly represented by a poirU in a co-ordinate-plane, if a, 
the axis of X (horizontal) and c, the axis of Z (vertical), 
provided y=l be understood. Then the ordinate at x= 
1 is the place of all quadratic forma, and on this line c— 1 
is the place of all quadro-tesseral, while above this point 
we have acute quadratic forms, below it we have ohtvse 
quadratic forms. So also the ordinate as x=i^3 repre- 
sents all hexagonal forms, while in this ordinate the point 
c=|/2 represents all rhombo-tesseral forms. The balance 
of the plane represents the rhombic crystals proper. 

See my Atomechanik^ 1867, p. 28—29. 

37. The otherwise intricate study of the dijflferent hol- 
ohedral and hemihedrial forms in the crystals of higher 
degree of symmetry (48, 49,, 60 and 61) becomes quite 
simple by means of the following analysis of the forms in 
rhombic crystals. For the sake of brevity we shall denote 
the eight faces of the holohedral rhombic pyramid by the 
letters p *q r s (upper faces) and p' q' r' s' (lower parallel 
faces) as explained in 46. 

To distinguish the holosymmetric holohedral form from 
the others which are either not holosymmetric or not holo- 
hedral (see 42, 48) we shall denote the full octaid bj 
w (hkl.) 

58' The true hemihedral rhombic form is thie sphenoid;^ 
the right a [hkl] formed by the four faces p q' r s', and 
the left ff [hkl] formed by p' q r' s. 

59. We also distinguish the following monozonal 
forms : 

Olinozonalj ?r (h k 1) of 4 faces p q p' q'. 
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Orthozonal^ ^ (hkl) of 4 faces p r p' r'. 
Also the morwpyramidal forma : 
Orthomonopyramid^ C (h k 1) of 4 faces p q r s. 
Deuteromonopyramid ^ (h k 1) " " " p q r' s'. 
Protomonopyramid ^ (h k 1) " " " p' q' r s. 
Of each of these forms there are two differing in the 
sign of one index. 

60, By two of these letters before the indices of a 
form we denote those faces, which both separately contain 
in common. The most important cases are : 

rf C (h k 1) composed of p and r'. 
<^<r(hkl) " " p " r. 

^ cr (h k 1) " " p « q'. 
C^(hkl) " " p " q. 

Of each of these forms there are four differing in po- 
sition. 

61, Twin-CryataU are aggregates of two (or more) 
crystals united after some simple mathematical law, but 
having not all their axes and faces parallel. Taking any 
one of these individual crystals as firm, the position of the 
other individual is obtained by a rotation of 180° around 
some definite real crystal-line (axis, edge or normal to a 
face) in the first individual. 

62, Before we can proceed to the special description 
of the crystal forms observed, we must explain the prin- 
cipal systems of notation in use, which differ more or less 
from our own. 

63, Miller'* s notation (p q r) is the inverse of our own ; 
for it gives the parameters as 

i ^ and £ 
p q r 

Hence the face p q r Miller is identic with hkl Hinrichs, 

if 111 

h: k:l=-:- :- 
p q r 
3 
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for all exc3pt the hexagonal forms. Miller's axes for the 
latter are triclinic ^ ^ y % 90^, and admit therefore 
of no very simple transformation to our own. By means 
of Sohrauf^s orthohexagonal symbols the transition from 
Miller's to our own symbols can, however, be readily 
effected. 

64. The notation of Weiss is ha : kb : le, without 
any restriction as to the order of these parameters.* 

Our own notation results from this' by adopting the^av?^ 
order of the succession of the parameters, (see 11) and 
thus becoming enabled to drop the letters a, b, c. 

65. The notation of Naumann is far too symbolical 
and intricate to be of easy application. While a decided 
improvement of that of Mohs^ it cannot be compared to 
those notations which give 'a concise and analytical ex- 
pression of the crystal-face (Weiss, Hinrichs,) or crystal- 
normal (Miller). 

66. Levy^s notation is used by only very few French 
crystallographers. It is a hybrid between the notation of 
Hauy — which was very excellent in the earliest stages of 
crystallography — and the notation of Weiss. This system 
of notation would long ago have been abandoned if the 
boundless national vanity of the French did not stamp the 
recognition of foreign merit an act of treason. 

67. To substantiate our statements we give the differ- 
ent notations for a simple adamantoid, see 60 : 

Miller [623.] 

Hinrichs [123.] 

Weiss a : 3a : 2a. 

Naumann 203. 

Levy bj bi b^. 

68- We are now prepared to understand the system- 
atic description of the observed crystal forms. We shall 
for each system always first give a synopsis . of the forms 

•Sec the crystallagraphic works of Rammelsherg and the excellent monographieB 
of Q. vom Rath. 
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in general, that is the liolohedral form (see 44 to 54) toge- 
ther with the specializations thereof resulting by speciali- 
zation of the indices, including the hemihedral forms. In 
tesseral and hexagonal forms the latter will require special 
investigation. 

' 69. Each system is next to be represented by some 
one of the excellent monographs of Nicholas von Kok- 
scharow^ given in his Materialien zur Mineralogie Jitcss- 
lands ^ published at Petersburg in five volumes of 400 
pages 8vo. each, and accompanied by a most excellent 
Atlas of more than 70 plates in quarto. For the sake of 
brevity we shall refer to this work by adding the number 
of the volume and the page of the latter to the name of the 
author. Thus, v. Kokscharow, III., 139, refers to vol. 3, 
page 139. Also, PL 69 is to stand for plate 69 in the 
Atlas. 

We select this work of von Kokscharow because in a 
comparatively small bulk and at a moderate cost it gives 
so great a number of monographies. 

If, however, the Sitzdngsberichte der mathematisch- 
naturwissenschaftlichen Classe der Kaiserlichen Akademie 
der Wissenschaf^^ Wien, are accessible, the best mono- 
graphies ever published on crystal species will be at hand. 
We mention here only the following, which have appeared 
since 1860: 

Von Zepharowich : Idokras, 1864, 49, I., 6-134, 13 plates. 

" Anglesit, 1864, 50, 1., 369-374, 1 plate. 

" Epidm, 1862, 45, I., 381, 1 large plate. 

" Unterschw. Kalk, 1862, 45, L, 499-510, 

3 plates. 

Zirhel : Bournonit, 1862, 45, 1., 431-466, 7 plates. 

Davher : Rothbleierz, 1860, 42, 19-54, 12 plates, especially 

3 large projections. 
Krenner^ Antimonit, 1865, 51, I., 436-481, 9 plates. 
Auerlach^ Coelestin, 1869, 59, I., 436-481, 9 plates. 
Brezina^ Schwefel, 1869, 60, L, 1 plate. 
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Poggendorff'^8 Annalen bring, at times, good crystallo- 
graphic monographies, especially from G, vom Bath, 

70. Finally we shall give a somewhat general descrip- 
tion of some ch2j:2LQiQnei\Qi807rwrphou8 group^ (see Physics 
183 and 194 — 196) of artificial crystals for each system. 

That the study of the monographies should go hand in 
hand with the study of the actual crystals, both native and 
artificial, is simply a matter of course. It is also expected 
that the student constructs our Quenstedt Projection from 
the given data for each of the native crystals. 



CHAPTEB IV. 



Crystal Descriptions*. 



A. Crystals without rotary Symmetry. 

I. Triolinio Crystals. 

Elements : a < 1^ < r 90**. sl % h < c. 

71. The holohedral form contains (see 44) only two 
faces which are parallel ; it is a tetartopyramid. Accord- 
ing to the position of these faces we have the following 
simple forms in this system (see 14) : 

1. Pyramidal Faces : the upper-right (hkl) ; also the 
lower-right^ the upper-left and lower-left Tetartopyramid. 

2. Prismatic Faces: the right (hkc») and the left 
Hemiprism. The upper ( ookl) and the lower Protoherrhi- 
dorrva. The upper (h ool) and the lower Deuterohemidoma. 

3. PiNAOOiDS : The Basopina^oid ( ooc» 1) the Proto- 
pinacoid ( ooloo ) and the Deuteropino/coid (!(» c» ). 

Hemihedral forms are impossible in triclinic crystals. 

•We give merely a list of the examples used by ourselves in our lectures, toge- 
ther with a reference to the original observations which we give reduced to our no- 
tation. We also make use of the plates here referred to and carefully exhibit to 
our students the best demonstrative specimens accessible, both of native and arti- 
ficial crystals. A pradieum follows the lectures. 
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72. Anorthite. See Von Ko1c8charoWylV,^290 — 257, 
PI. 70, 71. 

Vom Eathy Pogg. Ann. 138, p. 449, p. 464. 

Tschermak^ Sitzungsberichte, Wien, 1864, Bd. 60, I., p. 
566 — 613 ; a most important paper. 

Total 35 forms with 70 distinct faces. 

A very critical monogrophy is that of O. vom Rath on 
AxiNiTE, Pogg. Ann. 1866, Bd. 128, pp. 20 — 16 and 227 



73. Blue Viteiol. See Kupfer in Rammelsberg, 
Neueste Forschungen in der Krystallograph. Chemie, p. 
50. Also Pape in Pogg. Ann. 1868, 133, p. 364. Ob- 
served ] 5 forms, embracing 30 faces. 

WohlwilVs isomorphous selenates of copper, iron and 
zinc, with the same number (5) of atoms of water. 

II. MONOCLINIO CbYSTAXS. 

ElemeaU : ' a^? = y= 90°. a ^ b ^ c. 

74, The simple holohedral monoclinic form is com- 
posed of four faces at most (see 45). According to the 
special values of the indices wo have (see 14) the follow- 
ing forms : 

PrRAMiDAL : The upper (hkl) and the lower Hemipyra- 
mid ; each of 4 faces. 

Prismatic: The vertical j!?mm (hkoo) and the rf^/^(?- 
doma (h ool) each composed of four faces. The latter is 
more commonly called the cUnodoma, The upper ( ookl) 
and the lower protohemidoma is each composed of two 
faces only ; they are often termed orthodomas. 

PiNAOOiDs : The bassopinacoid ( oocx) 1) forms the oblique 
hose / the protopinacoid ( oolcx) ) constitutes the orthopina- 
coid ; and the deuteropinacoid (loo oo ) isusealJy called the 
olinopinacoid. These names have reference to X or a as 
horizontal (ortho), Y or b as inclined (clino-) axes, while 
Z or c is vertical. 

No hemihedral forms occur, but hemimorphism is pos- 
sible. 
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76, Pyroxene. See Von Kokscharow^ IV., 268 — 385 
PI. 65—69. 48 Forms with 176 faces. 

76. Hexhydrahed Haueroids:* Observations of 
Brooke^ Marignac^ Miller^ and RammeUherg in the latter's 
Krystall. Chemie. Also Vo7i Hauer^s Krystallogenetische 
Beobachtungen, Sitzangsberichte, 1860. 

Eleven forms with 38 faces. 

III. Rhombic Crystals. 

Elements: a=/3 = y=90°. a ^ b ^ c. 

77. The simple holohedral rhombic form is the octaid 
(hkl) of eight equal faces (see 46). We distinguish (see 
14) the following forms : 

Pyramidal : The octaid (hkl). Eight faces'. 

Prisviatic : The vertical rhombic prism (hk oo). The 
protodoma ( ookl) called the macrodome and the deutero- 
doma (hool) called the hrachydome if a t> b. Each of 
these forms contains four faces. 

Pinaooids : The basopinacoid ( oo ool), the macropinor 
eoid (oo loo ) and the hra/)hypinacoid (loo oo ), each of two 
faces. 

The only closed hemihedral forms diVQ the positive a (hkl) 
and negative sphenoids. Compare 58. These sphenoids 
occur on the hepthydrated zinc and magnesium sulphates. 
See Physics, 184, 185. 

Hemimorphism on a zinc silicate. Compare 59. 

78. Topaz. Von KoJcscharow, II., 198; II., 344; III., 
195; III., 378; V., 34. The seven plates 38, a, b, c, d, 
e, f. Thirty-two forms embracing 184 faces. 

79. Potassium Sulphate. See MitscJierlich in Ram- 
melsberg, Kryst. Chemie. Nine forms embracing 38 
faces. 

This form is the representative of 15 sulphates and se- 
lenates, 3 chromates and manganates, 4 permanganates, 4 

•See fl'inncA*, Sltzungsberlchte, Wien, 1870, Bd. 76, Abthl. I. 
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perchloratee, 9 silicates, 4 formiates ; in all 39 salts which 
I have termed Barytoids^ already carefully determined 
in my Note sur la forme cristalline des sulfates^ Comptes 
Rendus, 1869, t. 68, p. 34:4. See also my contributions to 
Molecular Science, 1869, No. 3, p. 41—43. 

For more complete description of this Barytoid Form 
see the monographies on Celestite, Anglesite, etc., quoted 
in 69. Compare also 90, the silicate Phenacite. 

B.— Crystals with Rotary Symmetry. 
IV. Quadratic Crystals. 
Elements : a = ^ = y = 90°. a = b < c. 

80. The holohedral and holosymmetric simple form 
in this system results from two octaids (hkl) one of which 
having been turned aright angle around the vertical axis Z, 
see. 48. To make this composition more apparent it is 
best to draw the traces of the faces on the plane X Y. I 
mark the trace of an upper face by a full line, of a lower 
face by a dotted line, and of upper and lower face by a 
line crossed. Also, to distinguish the two octaids, I draw 
the traces of the octaid (hkl) 0° in black, those of (hkl) 
90® in red. This expediency is really necessary for the 
study of the many, often intricate forms of quadratic crys- 
tals ; besides such traces are in many respects more useful 
than the axonometric drawing of the crystal form. 

The great number of distinct quadratic forms compels 
us here to give but the most important ones ; in a separ- 
ate memoir a thorough treatise of these forms will soon 
be given. 

81. The holohedral holosymmetrical dioctaid (48) or 
IHpyramid of 16 faces is (Fig. 174)t 

w [hkl] = oi (hkl) (0^ + 90°). 

*Sitzangsberichte, Wien, 1870, Bd. 62, I. Abth., page 9 of the memoir; alio p. 13, 

fWe add In brackets, ih^t figure In Von Lang, KrystaUographie, and adopt the no- 
menclature given in that most excellent work. This will make the identification of 
forms easy without special figures here added. , 
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The dip'kam (Fig. 175) a [hkoo ] of eight faces, and the 
pinacoid ec [oo oo 1] of two faces constitute tlie limits of this 
form in regard to 1. 

The protopyramid a [hhl] (Fig. 176) and the deuteropy- 
rmaid a [hoo 1] (Fig. 177) (Fig.178) and the deui/roprkm ^ 
[looo?] (Fig. 179.) 

These 7 forms are holoquadratic holohedral, and there- 
fore marked a- 

Of hemihedral holoquadratic forms we mention : 

the trapezohedrow^ ^ [hkl]. (Fig. 180). 

the deuterodisphenoid^ C [hkl], (Fig. 188). 

Hemiquadratio forms are also very numerous ; here 
may be mentioned : 

the tritopyramid^ ^ [hkl]. (Fig. 185). 

the trito^henoid^ C ^ [hkl], (Figure 191.) 

Compare 57 to 60 inclusive. 

82. Idocbase or Vesuvian. Von Kokscharow^ I., PL 
10, 11. A masterly monography is that of Von Zepharo- 
wich on the crystal forms of this mineral, See Sitznngs- 
berichte, Wien, 1864, 49, I., pp. 6— 134, with 13 plates. 
Observed 46 forms of 488 faces. 

Another example of quadratic crystals : 

Zircon, Von KoJc8G?iarow, III., 139, 193; IV., 36; V. 
103 ; PI. 48, 49, 50, 51. 

88. Ammoniated Silver Sulphate. See Mitscherliek 
in Rammelsberg Kryst. Chemie. Four forms of 18 faces. 

Isomorphous therewith the corresponding selenate and 
chromate ; also the ammoniated platinum sulphate. 

Nickel mlphate^ crystallized at about 20°, forms readily 
large and most beautiful quadratic crystals. See Bam- 
raelsberg, Kryst. Chem. 

v.— Hexagonal Crystals. 

Elements^ : a = P ^y = 90°. a = b / 3 % c. 

♦Portho 8!i!n3 absolute len;ti of the yartlcil axis c (Bauntaxe) we may have our 
deutroaxis b either equal to the Nebenaxe a or to the Zivisdieiuixe s of Quenstedt and 
Hoeh8tett.er. Accordingly our proto-axis a will be either b « 2 s or 3-2 a of these 
authorts. For tha sake of brevity we shall term the first the system of A, the second 
the system of S. The latter is the most common, and gives the fundamental [ ooll]. 
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84, The octaid (46) in its primary position 0° and af- 
ter rotation of 120° and 240° gives as resulting form, the 
holohexagonal holohedrai holosym metrical form : 

M, [hkl] = «'(hkl) (0^+1 20^+240^) 
as the fundamental simple form of these crystals. It is 
the dipyramid (Fig* 131, vo-a Lang^ see note to 81) of 24 
faces. See 49. All other hexagonal forms result, of 
course, from this form. Their generation and structure 
must be studied by the traces, as directed in 80 ; the third 
trace for 240°,^ may conveniently be drawn in blue, if the 
second" (120°) fs in red, and the first (0°) in black. Com- 
pare 67 to 60. 

The number of forms in hexagonal crystals is still greater 
than in quadratic forms. Hence only a few will be given 
here. For a more exhaustive deduction of the hexagonal 
forms see notice at close of 80. 

85. Hexagonal Fobms proper, or holohexagonal forms 
are: 

' Dipyramid^ ^ [hkl]. Fig.* 131. 
Biprism, ^ [hkoo ]. Fig. 132- 
Frotopyramid^ u) [ ookl]. Fig. 133. 
HoLOHEDRAL ■{ Deuteropyramid^ w [hhl.] Fig. 135. 

I Protoprimi^ ^ [oo loo ]. 

I Deuteroprimb^ a [IIqo ]. 

(^ Pinacotd^ <^ [oo oo 1]. 

IDitrapezohedron^ a [hkl]. Fig. 137. 
Protosphenoid Pyramid^ u [hkl]. Fig. 138. 
Deuterosphenoid Pyramid^ ^\hk\]* Fg. 142. 
86* Bhombohedbal Fosms, or protohemihexagonal 
forms are : 
HoLOHET^RAi. i Scolmohedron. n [hkl]. Fig. 146. 

JiOLOHEDBAL | ^J^^}^^^^^^ ^ [^ fcl]. Fig. 148. 

Hemihbdeal — Trape2ohedron S «• [hkl]. Fig. 152. 

87« Gyeoidal Fobms, or deuterohemihexagonal forms 
are: 

HoLOHBDEAL : Tvitopyramid^ ^ (hkl). Fig. 156. 

*See Von Lang's Erystallographie. 

4 
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HsMiHBDBAL I Tritokemtpyramid v ^ [hkl]. Fig. 162. 

88. Lateral hemimorphism (^ or ^, see 59) is not more 
common in hexagonal forms than terminal hemimorphistQ; 
(C in Turmaline ;) hitherto, however, the former, have been 
overlooked. 

89. Bebyl, Molohexagonal^ Von KohcTiofinm^ II., 356; 
III., 72 ; lY., 125, 268. PL 12, 13, 14, 15, 16. Observed 
18 forms of 266 faces. 

90. Phekaoitb; Bhomhohedmh Von £dJesGhaPov>^ 
IL, 308; III., 81 ; V., 829; PI. 39, 40, 41, ^. Observed 
12 forms of 80 faces in all. 

Another excellent rhombohedral example isl 

Oaloite. HochsUUer^ Denkschriften, Wien, 1862j Bd. 
YI., pp. 89 — 124, with a splendid large pfojection. 

91 » Mabignacoids, the Chloroid-Salts it a^ '^ where* 
in a any chloroid Fl, 01, Br, lo, to which ane add&oi U 
atoms of water (n=l, 2, 3 observed) and 

^ == Mg, Zn, Cd ; Mn, Fe, Ni, Oo ; On ; Nd. 
— P4;, 8n, Si, Zr. 

See also the observations of Topsoe, Qversigt Kgl. D. 
Yid. Selsk. Forh. 1868, p. 123— 1§7,. and 1869, p. X8, 
—97. 

VI. A,— Quadro-Tesseral Crystals. 

Elements : « = /3 = y = 90"^. a = b = c. 

92. The Adamantoid or Eexakidociahedton a [hkl] re- 
sults as shown in 50 by taking sjiiecessiyely each of the 
thr^e Qqnskl a:^e6 as quadratic axis for a rotatioa of 90^ of 
the holo-rhombic octaid ^ (hkl). 

If, howoyerj we omit this rotation, bijit only turn the. 
vertical I of the octlaid successively into the three axes, we 
obtain the hemiihedral form of tweBty-faur faces, 

^ Lhkl]=. ^ (hkl).0^ + CO (hlk) 0^ + «^ (Uik) 0^ 

2 

call 3d the Diploid by Von Haidinger ; also known as the 
Diakisdodeoahedron. 
This form is the true hemihedral form ^f tesBeral cry»- 
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tale. No other crystals admit of this kind of hemihedry. 
Hence this form is properly denoted by Jf. 

98. If instead of the octaid a (hkl) (see 57) w& rotate 
the sphenoid <y (hkl) (see (58) we obtain the 

<r [hkl] Spkenadc^mantoid. — Haidinger. 

(Hexakistetrahedron.) — Borazitoid. 

^ [tkl] Sphenodiploid. — Tetartoid. 

2 

(Diakishexahedron.) 

94. If we rotate the orthozone 6 (see 59) we obtain 
^ [hkl], the Qyroid of Von Haidinger, having 4. 2. 3 = 
24 faces, which iwe equal, irregular pentagons. The ^ 

2 

[bkl] is a Tetartoid. But these gyroqaadrotesseral forms 
.have, as yet, not been actually observed. 

The same is true for the forms k and the monopyramidal 
forms f e a, see 59. 

95. By the variation of the indices each of these four- 
general <<'> Jf. (T -^ gives rise to a great multitude of specific 

forms. Of the latter those which contain exclusively the 
Umita of the indices (I or oo) are especially important. 

For h = k = 1=« 1 the holohedral forms geometrically 
coincide in the regular octahedron » [Ul] «^ ^ [11 1] and the 
heiiiihedral in the regular tetrahedran "L [111] = f[lll]. 



2 



But crystallogra^hicaMy the hemihedral forms have but 
one halfdiB many faces; for in «» [111] each face is the re- 
sult of six coincident planes, but in ^ pll] only three fkces 

coincide. This difference largely influences the resultant 
combinations. 

For h = k =1 and 1 = oo the regular Dodecahedron re- 
sults, while h=«l,k=l««oo gives the regular Hexahe- 
dron. 

It will readily be seen, that [111] is generated by the 
pyramidal faces 111 in the rhombic octaid, while the dode- 
cahedron results from the domes lloo and the hexahedron 
from the pinacoids, loo oo . 

96. These forms should be pi aced in the following ordei*, 
80 as to constitute a complete system : 
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Ill Octahedron Ill 



w 



(JO 
2 



Dodecahedron Hexahedron Dodecahedron. 

lloo <f 00 loo 1 11 00 

2 

111 Tetrahedron .111 

AH other forms take their place in this system between 
the respective limits according to the actual values of their 
indices. The whole system of forms thus is composed of 
four equilateral triangles, three of which have already been 
given in the classical Sdndlmch der bestimmenden JUiner- 
alogie of Haidinger^ (pp. 88 — 89 ; p. 102 and p. 107.) 

97. The following are the principal intermediate qua- 
drotesseral forms with their composite names and the spe- 
cific names proposed by Von Saidinger, In our formula 
we have always h<k. The first number indicates the 
Figure in Von Lang^a Krystallographie : 

100 .... Triakisoctahedron , . . . ^ [hhk] Oalenoid. 

99 Trapezohedron w [hkk] Zeicoitoid. 

101 .... Tetrakishexahedron . . u> [hkoo ] Fl/uoroid. 

106 .... Trigondodecahedron. .!i [hkk] Kyproid. 

107 Triakistetra|jjpdron . .!! [hhk] Deltohedron. 

112 Pentagonaldadecahedron ° [hkoo ] . ,Pyritohedron. 

Of each of these intermediate forms several have been 
observed. The same is true for the forms [hkl] see 92 
and 93. The most common are those wherein h, k and 1 
are 1, 2, 3, 4, 5 and 6. 

On most of these forms we can readily distinguish the 
octahedral edge o, the dodecahedral d and the hexahedral 
h. For these edges the intemormal angles have been 
calculated and may be given in a table. 

Quadrotesseral Forms observed. 

98. Magnetite. — Von KoJcacharow^ III., 47, Plates 
4:6, 46. 

This species is undoubtedly quddrotesaeraZ. Observed 
forms all holohedral, viz : 
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t 133 

z 2-5-15 or 3-5-8.5 

X 5-15-21 or 5-3.5-8.7 



C . .loo 00 

d 11 00 

o Ill 

Total 146 faces. 

All the members of the great ypinel-grovp crystallize in 
qnodro-tesseral forms. Also galenite, halite, etc. 

To this type belong also many artificial crystals, espe- 
cially many chloroid-salts. 

The grand group of alums (Physics, 194) form beautiful 
quadro-tesseral crystals, the formula of which is given 
by me in Sitzungsberichte, Wien, 1870, I Bd., p. 

VI. B.— Bhombotesseral Forms. 
jElements : a = ^«=y=«90. a = bV8. 
S : c «« b v2,it b = Quenstedt* s ; cube ooU ; 
or A: c «= bv 2, if b =Quen8tedt a; cube HI. 

99. For the general features of these forms, see 51. 
The forms of the tesseral system may be expressed as 

rhombotesseral by reducing to our own the symbols given 
by Sbchstetter^ Denkschriften, Wien, VI., p, 116 — 121, 

100. Mathematically the rhombotesseral forms (99) do 
not differ from the quadrotesseral forms described before. 
But physically and chemically, and therefore crystallo- 
graphically, the rhombotesseral forms are wholly distinct 
from the quadrotesseral forms. 

Thus Fluorite and Halite are both tesseral. But 

( ¥^1 
Fluorite is. ..Caj ^i 

while Halite is Na CI ; or chemically the atoms of the 
formerare composed of three atoms, the latter of two only. 
Physically the latter has a cubical cleavage — yielding rect- 
angular blocks, while the latter has the rhombohedral 
and basical cleavage resulting in octahedral fragments. 

Pyrite Fe Sa is also rhombotesseral; its hemihedral 
form is in this position trapezoidal, precisely as we have it 
for the rhombohedral quartz. Si O2. 

'Compare foot-note to 84. 
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From among artificial crystals the nitrates of lead, bar- 
iam and strontium are rhombo-tesseral ; their formula is 
R X2 where X =* O3 N, hence their chemical constitution 
the same as that of pyrite ; they also exhibit the trape- 
zoidal faces. 

Garnet must also be considered a rhombo-tesseral spe- 
cies ; its formula is R^ Xg wherein X = R 0481. For its 
form, see Von KokscTmrow^ III., 1, 79, 230, and Plate 44. 

The numerous so-called double chlorides, which are 
really chloro-aalts^ crystallize tesseral if they contain six 
atoms of the chloroid, and are undoubtedly rhombo-tes- 
seral. 

In many canes it is, howevw', at present impossible to 
distinguish between the rhombo-tesseral and q^uadro^tes- 
seral forms. 



CHAPTER V. 



Crystol Syixunetry. 

101. In ahstraet geomet/ry one polyhedron is as possi- 
ble, as another. Hen^e the element* a^ b,<j, a, /3, 7 of s^dii 
polyhedron can have cmy valxie, and the indices h, k, 1 
may ateo be any numbers, rational or irrationaL 

The act of erystoMieation of amf aukstance represenia 
therefore^ geometrically a double selection. First, specific^ 
the elements assuming only definite values from among 
all possible values ; and, secondly, from among dl geo- 
metrically possible faces only those are selected which 
make the indices rational^ entire^ and simple numbers, 
giving the diflferent varieties of the same specific form. 

102. From this double geometrical selection it follows: 
I. that the elements of a crystal represent the inclination 
(a, ^, y)of the three systems of paralliel lines along which 
the atoms of the substance are distributed and the WMbmL 
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distcmces a, b, o of these particles along these lines ;^ and, 
IL, that the indices h, k, 1 represent the rates cf growth 
along these three directions. The first characterizes the 
species, the second the variety of the crystal forms. 

108, If so important results concerning the molecular 
structure of solids depend upon the cry&tallographic ele- 
ments and indices, the reality of these elements and in* 
dices should be most critically established. 

We shall in the subsequent only give the outline of such 
a research. 

104, The number of varieties of forms actually ob* 
served for many substances is quite large. The number 
of faces observed on Pyroxene is 176, Topaz 184, Beryl 
266, and Idocrase 488. Kow all these faces are for any 
one substance accurately expressed by the one set of ele- 
ments and the simple indices given in last chapter (see 75, 
78, 89 and 82.) 

105, The substance richest in varieties of crystal forms 
is the rhombohedral caldte. In Sauy^s atlas (1801) these 
forms occupy already four plates in quarto. Bounion 
Traite complete de la chaux carbonate fills 3 volumes 
(1808.) Levy gave 178 figures of calcite crystals (1837.) 
Zippers t^bersicht der Krystallgestalten des rhomboe- 
drischen Kalt-Haloidsf of 1851, enumerates 700 varieties 
of habitus, and of simple forms, 42 rhombohedra, 85 sca- 
lenohedra, 7 dihexahedl'a and several prisms, or about 
fifteen Ktmdred distmct faces I These Were united in one 
large projection hy' Sochstetterj 1854. Since then Hessen- 
herg has discovered many new forms, yet Q, vom EathX 
considers the description of the forms of calcite fer from 

*The atomic structure of quadrotesseral and rhombotesseral cryetalB- is there- 
fore cadicf^l^ diflerentr Compare U)0». 

tWi«Ber Denksefariften, Bd; HI.. 

tPogg. Ann. 1867, Bd. 132, p. 387--404 and 617— d60, wjth 1 plate^. Also Pogg. Ann* 
1866, Bd;. .186, p. 67&-^79>.. He addsy so. far as I can enumerate, 5 new chombcdiedlti, 
6 Bcalenohedra, and 2 dihexahedra, or more than one hundred new facte ! 
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complete, althoagh he himself at the same time richly 
adds to these forms ! 

Now it is a fact^ that all these faces are expressed ac- 
curately by the aaiae elements and by simple rational in- 
dices 1 

106« 1^1® indices are, in the immense majority of 
cases, not only rational whole numbers, but also verymudl 
whole nurnbers. Compare the descriptions given, Chapter 
III. However, in a few rare cases the indices become 
rather high ; but then the corresponding faces only occur 
as narrow transition belts between faces of very simple 
indices. These high indices result furthermore from the 
simple indices hkl of the dominant form by multiplication 
with a usually large factor f and the addition of some 
small numbers to one or two of the resulting products ; so 
that the viomaZ face\ resulting has indices like 
/.h+p:/.k:/.l+p. 

107. Von KoJcscharow observed the vicinal face 61, 
20, 61, or 3.20+1 : 1.20 : 3.20+1, near s = 313 on Ve- 
suvian. See also Von Zepharowich^ Idocrase, p. 127 — 128, 
who unites the four faces n, w, m, k of von KoJcscharow in 
one pyramid. Compare 82. Also, Kenngott 0bersicht 
1862—1866, p. 182—183. 

On Fluorite von Kokscharow (Y. 200) observed the 
adamantoid mj[15-83-55] where the indices are composed of 
the prime factors 3, 5 and 11. This is most frequently the 
case where any one index, for example c, is much greater 
than the others ; thus in 236 we have 1.= h. k. 

108. The elements are, for any given substance, really 
constant. But they vary with the temperature, as is shown 
in any work on crystallophysics. Compare Contrib. III., 
p. 43—45. 

If the substance is not chemically pure, the elements of 
its form will of course be influenced by these accessory in- 

^Wth»ky*i term, whleh we adopt, withoat, howeyer, adopting the peculiar yiewa of 
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gredients. For examples see Auerbach on celestine 
(quoted in 69) and von Kokscharow on apatite (Y. 86-100) 
Compare 65 ; also 91, 79, 76. 

109. The correctness of these elements implies certain 
mathematical conditions for the forms of higher symmetry, 
\Bee 46 to 51.) Thus quadratic forms must be exacdy qua- 
dratic ; hexagonal forms must be exactly hexagonal. On 
this point wo have very accurate measurements, especially 
by von Kokscharow on Beryl (89) and by von Zepharowich 
on Idocrase (82). Mo8t crystals, it is true, do not possess 
the perfect, mathematical regularity of form required by 
the above conditions. 

HO. Von 2^harowich found, however, one crystal 
among 54 crystals of Idocrase from the Mussa-Alpe in 
Piedmont, which had its four pyramidal faces p = HI in- 
clined under the same angle of 142® 45' 0" (intornormal, 
87^ 15' 0") to the base c «= oo qo 1. See 1. c. p. 65, 1. 
But the deviations observed on the other crystals prove by 
their very minuteness, and by their variations, that they 
are due to accidental causes, such as slight impurities, po- 
sition during growth, pressure, etc. Thus No. 11, Fig. 24, 
oivon Zepha>rowich (l. c. pages 62-63), a grass-green crys- 
tal, 11 mm high, 5 and 6 mm across, gave for the inter- 
normal angle between any two adjacent fiices p values 
ranging from 50 40' to 50® 41'. But a variation of one 
minute on a crystal of this size is less than the variation 
of one-thousandth of a millimeter in the linear dimensions ! 

Ill, Von Kokscharow made similar careful measure- 
ments on two fine crystals of Beryl. He found the angle 
of the prism truly 120° 0' 0", by repeated measurements 
(compare 89), and the interfacial angle between the six 
pyramidal faces t and the base P varied only about 20 
seconds from 160° 8' 42", the mean value for his crystal 
!No. 2. Since that crystal had a diameter of about 5 mm 
only, and as the linear extend of the facets t was less than 
one-fifth the diameter, this deviation amounts to less than 
5 
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one ten-thouaandth part of one millimeter^ for tlie linear 
position of t on the lateral edges of the crystal. 

112. Even the crystals of diamond^ which as a rule 
have curvred faces, exhibit at times almost mathematically 
perfect crystals. The colorless diamond described by von 
KoJcscharow (V. 397) was such an octahedron ; in one zone 
the deviations from the normal interfacial angles 109° 28 
16", and 70° 31' 44" were only — 14, — 44, — 46, — 16 
seconds. 

118. Crystals do therefore really exhibit that two-fold 
geometrical selection (101) whereby they are distinguished 
as true individuals from all other mere polyhedra. 

Artificial crystals are often of most surprizing regulari- 
ty, not only in angles but also in their linear dimensions. 
By changing the conditions of crystallization we can pro- 
duce quite regular or more distorted crystals. See the care- 
ful observations and the description of most beautiful 
crystallizations by Karl von Eauer^ Wien, Sitzungsbe- 
richte, 1860, Bd. 39, pp. 438-447, and pp. 611-622; also 
Bd. 40, pp. 539-554, with 2 plates, and pp. 589-606 with 
one plate. 

114. The degrees of symmetry described are merely 
limits of form,whereto many neighboring forms approach, 
or transition forms J having allied forms on either side. 
Compare 55 and 56. 

This is not only true in regard to the axial dimensions, 
but also in regard to the correlate faces embraced in one 
simple form in the higher forms of symmetry. 

115. Thus in triclinic forms we have very frequently 
simple forms which correspond to a monoclinic simple 
form, and would therefore form such, if only the elements 
were correspondingly changed. Compare in Anorthite 
(72) a and m ; p and o ; these four together would even 
form the orthoclin^c octaid. Also observe how near P and 
7 are to 90°. 

Furthermore we have the monoclinic combinations b 
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and j3 •, w, V ; g, u ; etc., etc. Also T, 1 ; z, f. Compare 
JSaidinger^ Handbuch, p. 223, Fig, 336, and his remarks 
thereon. Also, Tschermak^s gQn\B\ work on the Feldspars 
Wien, Sitzungsberichte, 1864, Bd. 50, I., p. 566-613. 

117. Rhombic crystals possess often all faces demanded 
by quadratic symmetry, if the axis a is nearly equal to b. 
For example in epsomite and in white vitriol. Observe 
the horizontal projection of epsomite in Rammdi^herg^s 
Krystall. Chemie, 1855, p. 87. This near approach to 
higher symmetry is also manifested by the frequency of 
the sphenoid in this species. 

118. Rhombic 'crystals, wherein a is nearly b ^3, have 
all the forms characteristic of hexagonal symmetry. This 
is strikingly the case with all the members of the isomor- 
phous group described in 79. The hexagonal prism is p 
and b ; pyramid o and q*, another 0/2 anb q. 

Ift phenacite (90), a member of this group^ the axis a is 
exactly equal to b v^3, and here these forms therefore not 
merely represent or simulate, but really do constitute a true 
hexagonal symmetry I 

In Topaz a — b i/3 = 0. 160, a rather large difference. 
Still we have the planes necessary for many hexagonal 
forms. 

Compare also Discrasite^ the prismatic angle of which 
is 119° 59'. 

119. Quadratic crystals have most of the characteris- 
tic faces of quadro-tesseral crystals, if the vertical axis c is 
nearly equal to the horizontal axis. Thus in the quadratic 
chalcopyrite c = 0.98556 = a — 0.01444 where a == b= 
1.00000 ; hence we find the habitus of chalcopyrite totally 
quadrotesseral, even in its hemihedral forms. This simu- 
lation is so great, that the form of chalcopyrite was con- 
sidered really quadro-tesseral until Haidinger discovered 
its true quadratic form. 

Jdocrase (see 82) gives 2 c == a + 0.07508 ; hence it 
has also a quodro-tesseral symmetry, as shown by Haidm- 
ger^ Handbuch, p. 214. 
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120. Hexo/goncA cryBtala have nearly a rhombotesseral 
symmetry, if their vertical axi» c is nearly b /2 =«= 1.4;i4 
b or b' V Va =^ 1.215 b'. Cases are quite frequent where 
the rhombohedron is either near 90° or near 120''. 

121. But besides the above relations between the dif- 
ferent degrees of symmetry we have many other*. In 
fact, any degree of symmetry may and does approach any 
other very closely if the elements differ bnt little nmnerie-^ 
ally. Hence the first observers assume often a higher d«f- 
gree of symmetry than more accurate observations cau 
sustain (compare 119), while, inversely, distorted crystate 
may for some time hide a higher degree of symmetry. 

The trihydrated potassium cyanolerrate* has by Bwnsen 
and RammeWberg been described as quadratic ; but Wy- 
rovhoff\ found it to be monoclinic, having the inclinatioa 
a =89^ 27 instead of 90"*, while a -4).395, b = l.ooo, c — 
0.401. The differences between the real and quadratic 
elements are only 33 minutes for the interaxial angle « aud 
0.006 = c — a* 

Tinfluoride, Sn FI2 is monoclinic {Marig^me) ; but very 
nearly tesseral. 

Cryolite is triclinic ( W^shy^ 1867) ; but its three pina- 
coids differ only 24, 10 and 1 minute from being at right 
angles to one another, and the axes are also nearly equal. 
Hence it is very nearly tesseral. 

Such cases become quite numerous, when the crystal ele- 
ments are critically compared and not merely mechanically 
arranged in formidable tables; 

122. From this it appears that the classification of sub- 
stances according to their crystallographic symmetry (or 
system) iz a crystallographic absurdity ; and every attempt 
of the kind has served to prove that such a classification 
leads to physical impossibilities and chemical monstrosi- 
ties. Compare Atomechanik, § 352 — 254. 

*Ye11ow prnssiate of potassa. 

fAnnales deChlmie et de Physique, 1869, T. 16, p. 293-^01. 
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123. By overlooking these connections between the 
various crystal forms, the different degrees of symmetry 
were considered qualitatively radically different, while in 
fact they are only quantitaUvely^ and often to but a very 
slight degree different from one another. Hence some 
crystallographers have been led to the monstrous inven- 
tion called dimorphism. Compare Atamechanik pp. 31 to 
41 ; also Contributionff to molecular science, I. p. 9- — 15, 
and III. 

124. . To this same kind of physical monstrosities be- 
longs the invention of »P. Groth^ termed by him MorpJio- 
tropic force and morphotropy. This invention was pre- 
sented to the Berlin Academy of Sciences by Q, Rose^ 
and has, therefore, been copied by several scientific jour- 
nals. Compare 163. 

125. Such monstrosities as the common view of di- 
morphism and this new morphotropy are rooted in the 
current perversion of MitaeherlwK^s discovery ot isomor- 
phism. He found that the salts of a certain chemical for- 
mula are of nearly tiie same form, and called this fact 
isomorphhm / but his successors have succeeded to turn 
this fact upmde down, and they now conclude that the vi- 
cariating atoms are of the same form.^ Compare 159 and 
156. 

126. We sincerely regret to be compelled to this forc- 
ible protest against the continued disregard of the most 
elementary principles of mechanics by some of the lead- 
ing crystallographers, especially of the Berlin school. 
Their monstrous speculations have, however, so deeply 
permeated the crystallographic literature that no protest 
can be too strong. 

127. The introduction of rotary symmetry for the de- 
duction of the quadratic, hexagonal and tesseral forms 

fBammelscerg in Ber. Chem. Ges., 1870, p. 281, discovers (I) that hydrogen may be 
an Isomorphous component in the phosphates R's O4 P, because one or two atomjs 
R* may be hydrogen. The form of this phosphate is not determined by the atomio 
stracture — but by hydrogen ! 
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from the rhombic forms implies a twin-structure for these 
crystals of highest symmetry ; but a twin-structure comr 
posed of elements which in the several positions are of pre- 
cisely the same dimensions. 

128. Such structure has been demonstrated by ob- 
servation in several cases already ; especially in Quartz^ 
by von Haidinger^ in the remarkable paper t)'ber den Pie- 
ochroismus und die Krystallstructur des Amethystes, Sit- 
zungsberichte, Wien, 1854, Bd. 12, p. 401. Also by op- 
tical observations of Descloizeaux. 

These observations have been referred to the chemical 
formula and form of the quartz-atom by me in Atome- 
chanik, §497 — 499, and in tTber den Bau des Quarzes, 
Sitzungsberichte, Wien, 1870, Bd. 61* 1. Abth. 

129. But even if a crystal is not exactly hexagonal, 
but approximates to the axial ratio 1 : i/3, such twin- 
structure becomes quite frequent. In Haidinger'^s memoir* 
" on the regular composition of crystallized bodies," I find 
the earliest thorough investigation of this structure. 

The figure of cerusite, PbOaC given by Haidinger^ 
especially Figures 6, 7, 8 and 9, exhibit precisely the struc- 
ture which for the axes a : b = i/3 : 1 would lead to true 
hexagonal forms. The same forms are frequent for the 
isomorphous anhydrous carbonates and other crystals of 
nearly hexagonal axes. 

130. The beautiful crystals of chrysoheryl^ and espe- 
cially the alexandrite variety, exhibit this twin-structure 
often on a grand scale, forming most beautiful specimens. 
See von Kokscharow^ Atlas, plates 63, 64. The axes are 
very nearly in the above- ratio, because the angle of the 
vertical prism is 119° 46', or only 14 minutes less than 
120^ 0'. 

131. Twins demonstrating the quadrotesseral structure 
given by us have also been described by von Haidinger / 

•Edinburgh Journal of Science, Vi., 278. This paper I recently received from the 
author, whom I hereby most heartily thank for tliis and many kindred favors. 
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Fig. 423, p. 267 in Bestlmmende Mineralogie. This crys- 
tal of chalcopyrite is a complex of six individuals, grown 
together so that indeed each extremity of the three rec- 
tangular axes forms the axis a of a quadratic crystal. This 
twin is so closely like a true tesseral, because the vertical 
axis of chalcopyrite is so nearly equal to the horizontal 
axes. See 119. 

132. All forms are geometrically equally probable (101); 
and since the number of possible distinct forms is much 
the greatest for those lower degrees of symmetry due to 
unequal values of the elements, the less symmetric crys- 
tals should, geometrically be the most common. 

133. If we suppose the axes determined to within 
O.ool and the interaxial angles to within one minute, the 
relative geometrical prohahility of the diflFerent degrees of 
symmetry will be* for every t tesseral forms, 

tesseral = t 

hexagonal, h = 500. t 
quadratic, q = 1000. t 
rhombic, p = 1 000 000. t 
monoclinic, m = 500 000 000. t 
triclinic, cl = 250 000 000 000. t 

134. But by a combination of these values with the 
actually observed number of each degree of symmetry 
we obtained (1. c. page 15) the true crystallographic prob- 
ability of 

tesseral symmetry 800 000 000 000 

hexagonal " 820 000 000 

quadratic " 274 000 000 

rhombic " 1 000 000 

monoclinic *' 2 000 

triclinic " 1 

135. It is therefore 800 000 000 000 to 1 that a new 
crystal has a tesseral rather than any given triclinic form, 

*mnrich8y Zur Statistik der EryBtall-Symmetrlse. Sitzangpb., Wien, 1870, Bd. 62, 
I. Abthl., p. 14. 
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and 800 000 to 1 that it has the tesseral rather than any 
given rhombic form. 

136. The greater the number of conditions to be ful- 
filled to bring about a given form of symmetry, the more 
likely will that form be produced by the act of crystalliza- 
tion. 

137. These remarkable facts apparently constitute a 
crystallographic paradox, thus indicating some general 
cause which mathematically accounts for these facts. 

138. We have already in 1867 shown that the laws of 
chemical or atomic combination lead with mechanical ne- 
cessity to an atomic structure of compounds which in the 
crystal-form is expressed by masses. See : 

Programme der Atomechanik^ oAer die Chemie eineMe- 
chanik der Panatome^ von Gustav Hinrichs ; Iowa City^ 
Vereinigte Staaten, N. A., 1867. — ilp., 40, 

139. Since then six memoirs have been published on 
special points of this programme ; we shall, for the sake 
of brevity, refer to them as Contributions to Molecvlar 
Science^ No. 1 to 6. Of these Nos. 1. to IV. appeared in 
the Proceedings of the American Association for the Ad- 
vancement of Science, Vols. 17 and 18 (1868 and 1869) ; 
they may, however, be obtained separately from Brock- 
haus^ Leipzig. Nos. V. and VI. are contained in Site- 
tmgslerichte^ Wien, 1870, 1. Abtbeilung ; namely 

V. Ueber denBaudes Qua/rzes^ in Vol. 61. 

VI. Zmr Statistik der Kry stall SymmetHe^ in Vol. 62. 
Thus Contrih. VL refers to this last mentioned paper. 

140. In these " Contributions^'^ and in " Atomechanik?^ 
the crystal form of a great many series of compounds has 
already been theoretically determined. We shall, in the 
next chapter, give a synopsis of this investigation, with 
references to the above worke. 

This synopsis is only to be considered a temporary sub- 
stitute for a more extended work which has been a long 
time in preparation, but which oflBcial duties have not yet 
permitted me to bring to a satisfactory conclusion. 
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CHAPTEB VI. 



Crystal Atoms. 

141. All chemical compounds which can be qualita- 
tively and quantitatively expressed by the same general 

formula^ constitute a type, Atomech. §232. Contribu- 
tions, VI., p. 9 — 11. 

142. In a general formula the symbols represent no 
given individual elements but either certain definite chem- 
ical compounds (Oontr. VI., p. 9, No. 22) or a/ny one indi- 
vidual element from a greater or smaller group of ele- 
ments, (1. c. p. 7). 

143. The elements are divided into genera (Atomech. 
19 to 37, pp. 7—9, and Contr. IV"., p. 48—51 ; also Contr. 
VI., p. 7), each of which is represented by a generic 
Greek symbol, 

144. The elements are also distinguished as electro- 
positive TT and electronegative v, together with intermedi- 
ate a in ternaries. Contr. VI., p. 6. 

145. The simple types therefore are only specific func- 
tions of IT ^ and (if ternaries) a. If they are hydrated the 
atoms of water may often be combined with « and this 
combination denoted by «. The same may be done with 
certain ammoniacal compounds. (Compare 83 above.) 

146. Accordingly the general chemical formula 

V («, «, y) 
does represent tjie great majority of the more important 
types as some definite function ^ of a, o and v. 

147. The atom y; has its constituent atoms in some ge- 
ometrically well defined position in space. Let a, b, c 
represent the three axes of this compound atom, and «, /?, y 
the interaxial angles of the same. 

148* Then those atomdc elements are necessarily defi- 
nite functions of V'. 
6 
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This can only be denied by those who dream of occult 
forces (124.) 

149. T^ interatomic distances (between the compound 
atoms) are proportional .to a, b, c ; compare 102 ; also 
Atomech. Abschnitt lY. Hence the atomic elements are 
the same as the crystal dements. 

150. Let, for b — 1, the interatomic distance along b 
be in some absolute measure. Then the crystal volume 
of the atom is easily calculated ; and by comparison with 
the observed atomic volume the m^an atomic distance ^ is 
obtained. 

151. For many orthoclinic crystals we have determined 
A* and obtained very remarkable results. This paper was 
presented August, 1869, at Salem, but not read for want 
of time. Proceedings, p. 275, No. 8. 

152. The determination of the atomic elements as 
functions of 146 is so intricate an analytical problem, that it 
can only be solved by successive approximations. Ato- 
mech. §229—231. 

153. As first approximation^ we neglect the diflPer- 
ences in weight between the constituent atoms ; the result- 
ing values of the elements we term the norTrud elements 
of the type 146. Atomech. 231 ; Contrib. 3, p. 36. The 
normal axes we call x, y, z. 

154. The actibal valves (149) then result mechanically 
from t\ie perturbations of the normal elements, exactly as 
the actual elements of any planet result from the pertur- 
bations of the other planets affecting its normal elements, 
determined by the sun alone. 

155. Let these perturbations be ^, v, C, then we have 
a==x + ' b=y + v c=-z + ^ 

Compare Atomech. 233 ; Con1:rib. 4, p. 36. Similarly for 
the interaxial angles. 

156. Hence it follows : 

1 . The different members of the same chemical type have 
nearly the sam£ crystal elements ; 
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2. But these ^iementa may lelong to all degrees of synv- 
tnetry according to the numerical values of the Unea/r and 
izngular perturhoitions^ resulting from 146. 

157. For a general confimation hereof see Contrib. 
VI., pp. 9—11. 

In this table the degree of symmetry of the observed n 
members of any type or genus is expressed by the formula 

n , q. t. h. K. — 

m. tr cl 

therein q the number of quadratic members, t the tes- 
serai, h the hexagonal,^ the prismatic (or rhombic), m the 
monoclinic and tr the triclinic members. Also, H the sum 
of gH and h, or the total number of members having.rotary 
symmetry, and <?Z =« m and tr the clinogonal species. 

158. Thus the Barytoid Sulphates^ that is the normal 
sulphates (79) including three observed selenates, give the 
following numerical values : 

13 13 

15 0.0.2. 2.— 

0.0 

ranging over two different degrees of symmetry the rhom- 
bic and hexagonal ; but the angle of the rhombic prism 
is nearly 120, so that these forms are quantitative ly very 
close. 

159. The above principle (156) represents true isom^or- 
phism or homoebmorphism ; what is usually taught under 
isomorphism is false in fact and absurd in principle*. 
Compare 125. 

160. In conclusion we shall enumerate the types which 
we have thus far more carefully determined by theory 
(15 — 155) and confirmed by existant observations. 

*The relation between the number of atoms of tke negative elements and the de- 
gree of symmetry pat forth in 1867 as original by J. D. Dana, the editor in chief of 
the American Jonmal of Science, reaalted evidently from hasty and illogleal stndj 
of my manascript on the crystalline form of anhydrous carbonates, which mann- 
script with figures was in the hands of that editor several months prior to the pnbli. 
cation of his **originaI discovery." See Document relating to the history of Atome- 
ehanics, Iowa City, May 1868. Also, Remarks on a recent Editorial in the American 
Journal of Science, Iowa City, December, 1868. 
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161. The Monariea A or elements ; see Atomech. 
—264. 

162. The Monidea ^ v; see Atomech. §265. 

163. The Deuddes w v^ ; see Atomech. §§267—801. 
Also Contrib. I., p. 5, pp. 9—15. III., pp. 37—38, and p. 
104. Contr. V. Oontr. VL, p. 9. We sent December, 
1868, a paper, giving a close discussion of 53 compounds 
of this type to G. Rose. 

164. The Tritates ^ oj^v. Atomech. §§.302—356. 
Contrib. III., pp. 38 — 41, also pp. 44—45, and VI., pp 
9—11. 

166- The Tetratesn a>^v\ see Atomech. §. 361— 369 
for spinnelloids ; my "Note sur la forme cristalline des 
sulfates" mentioned in 79 for the barytoids. Also Con- 
trib. III., p. 41—45, VL, p. 13. 

166. Other more intricate types have already been 
partially determined. Atomech. §§. 370 — 379 ; also here 
89, because 2 c as vertical brings beryl to the form Ato- 
mech. §. 271. Topaz has also been accurately determined 
from its chemical formula given in 78. 

167. A more detailed explanation of the formation of 
snow-crystals we gave in the Scientific American, New 
York, April 18, 1868, with 7 figures. 

l68- The relation between physical properties and 
molecular crystalline constitution has been treated of in 
Atomechanik, p. 42-44, Contrib. III., p. 43 — 46, and in 
Contrib. V. Also, in a paper of 1868, "on the reality of 
rhombo-tesseral forms," which has not yet been published. 

169. The above must be sufficient to show that the 
problem (152) can be solved, because it Aas been solved in 
several important cases. 

170. In conclusion, we express the hope that, at no dis- 
tant day, we may be enabled to present the subject of this 
chapter in a more complete form, as a revised and largely 
improved edition of the fourth section of Atomeehanicsy 
constituting a treatise of crystallophysics and crystallo- 
chemistry, referred to in the preface. 
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